Pulse is a fundamental reference for the production and perception of rhythm. In this paper, we study entrainment to changes in the micro-rhythmic design of the basic pulse of the groove in 'Left&Right' by D'Angelo. In part 1 of the groove the beats have one specific position; in part 2, on the other hand, the different rhythmic layers specify two simultaneous but alternative beat positions that are approximately fifty to eighty milliseconds apart. We first anticipate listeners' perceptual response using the theories of entrainment and dynamic attending as points of departure. We then report on a motion capture experiment aimed at engaging listeners' motion patterns in response to the two parts of the tune. The results show that when multiple onsets are introduced in part 2, the half note becomes a significant additional level of entrainment and the temporal locations of the perceived beats are drawn towards the added onsets.
synchronization improves, and decreases (the pulse widens) as synchronization degrades.
2 As
Large and Jones point out, the concept of attentional focus might explain why a given deviation is more likely to be noticed when attention is highly focused (has a narrow pulse) than when it is broadly focused (has a wide pulse). In their theory, they assume that the pulse starts flat and then narrows as synchronization is achieved. In relation to the music that will be discussed shortly, we would add that the attentional span is a dynamic aspect that adapts to the features of the external rhythmic events-and, not least, that it can change over time.
Dynamic attending's salient adaptability to the environment also evokes recent applications of the theories of ecological perception (Gibson, 1986) to music (Clarke, 2005) , particularly in relation to the way attending rhythms can adjust to changes in external rhythmic events through a process of entrainment. Entrainment arises in coupled systems, because coupling exerts a force that pulls two rhythms toward a synchronous relationship (Large & Jones, 1999, p. 127) . In principle, there are two instances when entrainment processes are likely to occur: (1) when an attending rhythm is coupled to an external rhythm, and (2) when a perturbation in the external rhythm has taken place. Both are relevant for music perception. Moreover, in contrast to processes that take place between two flexible rhythms that are reciprocally adaptive-like Huygen's clocks or the interpersonal entrainment among musicians in a band-entraining to the beat of recorded music through listening or dancing is a one-way process, or an instance of asymmetric entrainment (Clayton et al., 2004) . 3 As with entraining to environmental processes (for example, the alternation of day and night), the individual cannot in such cases influence the entraining rhythm but is forced to adjust to externally set conditions. In modeling such entrainment processes, Large and Jones introduce the parameter 'coupling strength' as well as the notion of an 'attractor'. Coupling strength represents the amount of force exerted on the attending rhythm by the external event,
and an attractor is a frequency toward which the system is drawn through coupling. In mutual entrainment processes, the attractor frequency might lie somewhere in between the two initial frequencies. When entraining to recorded music, however, the asymmetry in the process means that particularly salient periodical rhythmic events in the music will work as the attractor. The standard Western metrical matrix of accents (Lerdahl & Jackendoff, 1983) will usually make some beats 'heavier' than others (beat 1 is heavier than beat 3, which, in turn, is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 heavier than beats 2 and 4, and so on). In addition, accent patterns that are typical of a particular genre or style, such as, for example, the snare drum on beats 2 and 4 of a backbeat groove or the hi-hat or ride cymbal pattern in a swing groove, are likely candidates, and it is reasonable to believe that such recurring events are used by the listener (that is, in her attending rhythms) in the process of synchronizing with the music. Thompson, has become a neo-soul classic due in part to its experimental groove. The tune starts out relatively straightforwardly, with a syncopated guitar and percussion part (what we will refer to as the 'guitar layer') that implies a clear regular pulse of quarter notes (part 1).
Entraining to Change in
However, when the rhythmic layer comprised of bass drum/bass guitar and snare drum, in the following referred to as the 'drum kit layer', enters the sound (part 2), the trouble starts, because this rhythmic layer positions the internal beat considerably earlier in time than what has, up to this point, been presented as the norm by guitar and percussion.
Measurements in the amplitude/time representation of the groove reveal that the 'glitch' or discrepancy measured as inter onset interval (IOI) between the two rhythmic layers in part 2 of the song is considerable: approximately fifty-five ms on the downbeats (beats 1 and 3) of the basic one-bar-long rhythmic pattern (4/4 meter), and approximately eighty ms on the offbeats (beats 2 and 4)-that is, between 8 and 12 percent of a quarter note in the song's tempo (92 beats per minute [bpm] ;; see Fig.  1 ). The clash between the two beat positions is less striking on the downbeats, thanks to the slower attack time of the sound and hence less precise onsets of the bass drum and bass guitar. On the offbeats, however, the sharp attack of the syncopated guitar, which structurally strikes a sixteenth note ahead of the beat, is far too close to the equally sharp attack of the snare drum on the beat. Put differently, the virtual or "structural" distance is one 16 th note, whereas the actual distance is close to one 32 nd note. This introduces the groove's characteristic 'tilt'. Overall, the discrepancies between the beat positions of the guitar layer and the drum kit layer are well above the just noticeable differences for music both in strict time and in rubato performance (Clarke, 1989; Friberg & Sundberg, 1995) . They are also stable throughout the tune (Danielsen, 2010b) .
[Insert Figure 1 here.] 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 We will now hypothesize three different experiential phases of this groove. The first corresponds to part 1 of the song (the introduction). The second is the transition following the entrance of the drum kit layer, when the perceiver adjusts to the new micro-rhythmic design.
The third, part 2, covers the experience of being fully synchronized with these changes in the groove. While the transition starts at a very specific point in the music, namely with the entrance of the drum kit layer, it will end at different times for different listeners, depending upon, among other things, one's stylistic 'insider' knowledge and one's degree of familiarity with the song (for genre-confident listeners, that is, the transition phase might be barely noticeable). [Insert Figure 2 here.]
Due to the distinct percussive character of the instruments used (rhythm guitar and shaker), the internal beat can be rendered as a series of points in time to which the different rhythmic layers appear congruent. The combination of shaker on all eighth notes with accents on the quarter-note beats, and the unambiguous syncopated sixteenth notes before the offbeats facilitates the listener's prompt synchronization of attentional rhythm with the 4/4 meter of the groove. Hence, both strong period and strong phase coupling arise between the listener and the groove. In accordance with the assumptions of the theory of dynamic attending, high coupling strength generates strong and specific expectations regarding the continuation of the groove, leading the listener's perceptual apparatus to allocate a narrow, high-peak pulse of attentional energy that corresponds to the expected pulse location of the target musical event.
Transition: When the drum kit layer enters the sound, a perturbation occurs. This is because the bass guitar/bass drum (downbeats) and snare drum (offbeats) work together to position the new internal beat significantly ahead of the guitar layer. The same phase mismatch happens every time the pattern is repeated and the tempo remains the same. The phase discrepancy is most striking on the offbeats, because the snare drum stroke is quite early compared to the beat previously implied by the syncopated guitar (see Fig. 3 ).
[Insert Figure 3 here.] The somewhat 'seasick' or unstable feel that follows the entrance of the drum kit layer can be explained by how these repeated perturbations initiate a process of forced phase resetting, attenuating the precise positioning of the tactus and causing a decrease in the strength of the coupling between the groove and the listener. The transition phase, again, will vary in length depending on the listener.
Part 2:
In time the seasick feeling goes away and the groove is experienced as having a more rolling feel. This is because the listener has now adjusted to the mismatch between the locus and shape of the allocated attentional energy (a rather narrow pulse on the beat position suggested by the guitar) and the new micro-rhythmic design with multiple onsets of each beat.
According to the theory of dynamic attending, when synchronization decreases, attentional focus widens. It may thus be envisioned as changing from the narrow peak induced by the sharp, point-like beats of part 1 to a more saddle-like shape or 'beat bin' that is wide enough to encompass the multiple onsets of each beat (see Fig. 4 ).
[Insert Figure 4 here.]
With the notion of a 'beat bin' we mean the perceived temporal width of a beat according to the musical context. Multiple onsets of a particular beat falling within the boundaries of the perceived beat bin will be heard as merging into one beat, whereas onsets falling outside these boundaries will be heard as belonging to another category-namely, that of 'not part of the beat' (Danielsen, 2010b, p. 29-32 ).
When one is fully synchronized with part 2 of the groove, one's attentional focus has widened due to the altered design. The phase discrepancies are no longer experienced as perturbations, because the widened attentional focus encompasses the differing beat positions at the micro level-the phase discrepancy is simply absorbed in the beat bin, and the coupling between the external events and the internal attending rhythms thus returns to a stable state. It might, however, now be a looser and more flexible coupling than that which arose from the sharp attentional focus induced by the intro of the song. Moreover, because of the particularly striking multiple onsets at beats 2 and 4, the frequency of the attentional rhythms that corresponds to the groove's level of quarter notes (92 beats per minute) might be considerably weakened, whereas synchronization at the half-note level gains ground. Given the strong action-perception coupling (see, for example, Large, 2000; Chen et al., 2008; Repp, 2005) , we would expect that the motion responses to the groove would change accordingly. 
Material and Methods

Hypotheses
Based on the above analytical and theoretical discussions, we designed an experiment aimed at capturing changes in body motion patterns in response to the altered micro-rhythmic design of the beats forming the pulse in part 2 of the groove. We hypothesized the following change in motion patterns from part 1 to part 2: a) Increase in quantity of motion due to higher average sound-pressure level. This is based on the general ecological assumption that there is a connection between bodily effort and sound loudness (see, for example, Clayton & Leante, 2013; Iyer, 2002; Leman, 2008 (chapter 7); Shove & Repp, 1995; and Van Dyck et al., 2013) .
b) Decreased synchronization of the motion pattern corresponding to the quarter-note pulse, and increased synchronization to the half-note pulse (as a consequence of the salient phase discrepancy between the multiple onsets of beats 2 and 4).
c) Increase in the micro-level temporal spread of pulse positions in the motion pattern, reflecting looser phase coupling and widening of the attentional focus.
Participants
Twenty participants (13 female, 7 male, median age 28 [21 35]) were recruited to the experiment. The majority of the participants reported to be amateur (45%) or semiprofessional musicians (40%), while only one participant was a non-musician. They described varied musical backgrounds, most of which fell within groove-based genres. When asked about their engagement with dancing, around 40% of the participants stated that they move to music occasionally, while 35% dance regularly. The music stimuli used in the experiment were unfamiliar to 55 % of the participants.
Procedure, Stimulus, and Task
The experiment was carried out in the motion capture lab at the Department of Musicology, University of Oslo, a black box of about 60 m 2 . Each recording session comprised four participants at a time, standing with their backs to one another so that they could not see anyone else during the experiment. The participants held a stick resembling a percussion instrument in their hand, with the palm facing upward. Two reflective markers were placed on each side of the stick. In addition, reflective markers were attached to each participant's head and knees. A picture of the experimental situation is shown in Fig. 5 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 [Insert Figure 5 here.]
The participants were asked to move the stick naturally in their hand to the pulse of the music.
Five sound clips were mixed into one continuous sound file in the following order:
i.
Test clip consisting of a looped excerpt of a different track from the Voodoo album.
This clip was used to acquaint the participants with the setup and the task.
ii. Looped four-bar excerpt of part 1 of the original groove.
iii. The groove in its original version played from the beginning, including the transition from part 1 to part 2.
iv. Looped four-bar excerpt of part 2 of the original groove.
v. Control track consisting of metronome clicks with the same beats per minute as the original groove.
Each sound clip lasted for thirty seconds and was followed by ten seconds of silence, as illustrated in Fig. 6 . The complete sound file was played once for each group of participants.
[Insert Figure 6 here.]
In the following analysis, we focus on the difference in motor response between sound clip ii (part 1) and sound clip iv (part 2). In addition to change in the micro-rhythmic design of the basic beats, that is, from single to multiple onsets of the beats, the average sound-pressure level increases significantly from part 1 to part 2-from -34.2 dB to -16.5 dB average RMS power of both channels, with an RMS window of 200 ms and normalized such that a sine wave with maximal intensity 1 would correspond to 0 dB. More instruments are also added in part 2, but the structural complexity of the basic groove (micro-timing excluded)
does not increase, because the drum kit and the bass generally articulate the same basic quarter-note pulse (see Figs. 2 and 3 above). In fact, this basic pulse might be said to be even more explicit in part 2, thanks to the fact that here every beat is marked by a heavy drum sound (bass drum or snare drum), whereas in part 1 the beats are played by a light percussion instrument (shaker) and only implicated by the syncopated guitar. This quarter-note pulse is, however, now counterbalanced by the rhythmic variation provided by the lead vocal and the multiple onsets of beats in part 2.
Summing up, the main differences between stimuli ii and iv (parts 1 and 2) are (a) an increase in the complexity of the micro-rhythmic design-that is, multiple onsets on all quarter-note beats in part 2; (b) an increase in sound level; (c) an increase in the number of instruments articulating the basic pulse; and (d) the addition of rhythmic variation through the lead vocal. 
Apparatus
The motion of the reflective markers on the bodies of the participants was recorded at 100 Hz with a nine-camera optical motion capture system from Qualisys (Oqus 300) using the accompanying software (QTM 3.7). The musical examples were played over a 2.1 Genelec sound system using a custom-built Max/MSP patch that ensured synchronization with the motion capture data.
Results
The final motion capture (mocap) data set consists of a total of 100 markers (20 participants, 5 markers per participant). Since the participants primarily moved the hand holding the stick, we only included data from one of the stick markers in our further analysis. Here, we decided to use data from the outward-pointing marker on the sticks, because there was only one dropout in this marker set (some of the inward-pointing markers suffered from visual occlusion). The data were analyzed using the MoCap Toolbox for Matlab (Burger & Toiviainen, 2013) , which contains a collection of analysis functions aimed specifically at studying music-related motion. In our study we used the function for calculating the cumulative distance traveled (mccumdist) for each marker to estimate the quantity of motion.
The amplitude spectrum of the mocap time series (mcspectrum) was used to identify motion periodicities, measuring the strength of the frequencies corresponding to the quarter-and halfnote beats of the music. In addition, time-series plots of motion data were used to identify where motion along the vertical axis changed direction (the turning points). The turning points corresponding to quarter-note beats in the music were then used to capture the spread in the temporal location of pulse in the motion data. In a study of conductor's gestures, Luck and Sloboda (2009) showed that acceleration peaks were the main cues for beat location and synchronization. Thus the spread in pulse positions was also investigated using acceleration peaks from the motion data, that is, maxima and minima of acceleration corresponding to beats in the music. All statistical analyses were performed using SPSS version 21 (IBM, Inc.).
Quantity of Motion
Subtracting the start and end values of the cumulative distance for each part, we arrived at the net distances traveled during part 1 and part 2. Data from one of the participants was excluded from further analysis because of missing data points. Paired-samples t-tests were then performed to determine the difference in mean cumulative distance between part 1 and part 2. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 On average, participants moved significantly more to part 2 (M=15 866 mm, SE=2127) than to part 1 (M=11 175 mm, SE=1174, t(18)=3.9, two-tailed p<0.005).
The plot of the quantity of motion (QoM) for the right stick marker for all participants (see Fig. 7) shows that, overall, the QoM is lowest in response to the metronome at the end of the session (v). This means that the increase in motion from part 1 (ii) to part 2 (iv) most likely did not come as a consequence of the latter simply being positioned later in the sequence of clips. Moreover, it is also clear from the plot that in clip iii, which included the transition from the introduction to the main groove, there is an increase in QoM that is related to the change in the groove.
[Insert Figure 7 here.]
We also tested whether there was a systematic relationship between the measured QoM and the responses to the questions about 'interest in music' or 'relationship to dancing' from the questionnaire. However, no such significant relationship was found.
Motion Periodicities
We conducted a qualitative evaluation of the motion spectra for the right stick marker for each participant in both part 1 and part 2. The motion spectrum depicts the relative strength of the frequencies (in Hz) in which the participants moved. The participants were divided into three groups, 'excellent', 'marginal', and 'poor', based on whether there were clear peaks in their motion spectrum or not. The category 'excellent' contains the motion spectra in which there is no doubt about the ability to synchronize with the beats of the music, that is, the beatrelevant amplitudes are at least the double of any of the surrounding periodicities. The category 'poor', on the other hand, contains spectra in which there are no clear beat-relevant amplitude peaks at all. The category 'marginal' refers to those spectra where there is a peak at one or more frequencies that relate to the beats in the music, but where these peaks are only marginally higher (less than double amplitude) than the surrounding periodicities. to have excellent frequency peaks in their motion patterns for both part 1 and part 2 or excellent for one part and marginal for the other part. For the remaining five participants (25%) one or both of their performances fell within the category "poor", that is, the spectral analysis showed that the participant failed to produce a stable periodic motion of sufficient amplitude to indicate whether or not they perceived the internal beat of the music. These participants were omitted from further analysis. The distribution in the categories is illustrated in [Insert Figure 9 here.]
In this part of the experiment we were interested in finding out whether the 'beat bin' increased from part 1 to part 2. We operationalized 'beat bin' as the temporal spread of turning points in the motion response corresponding to quarter-note beats for the 13 participants that made regular motion. First, thirty-two turning points in the motion patterns (corresponding to 4 beats/bar x 8 bars) in part 1 and thirty-two in part 2 were identified for each participant. Second, we calculated the difference between participants' turning points and the corresponding quarter-note beats in the music. In part 2 there are multiple beat onsets, Because the nominal distance between the earliest and latest mean of turning points is susceptible to outliers, we decided to also use the variability of turning points as a measure for temporal spread (i.e., the width of the beat bin). The standard deviation (SD) of the 13 means of turning points increased from 67 to 90 milliseconds from part 1 to part 2. To test whether there was an increase in the variability at the individual level, we calculated the standard deviation (SD) of turning points for each participant in parts 1 and 2 respectively, and performed a paired-samples t-test for the difference in mean SD for the pair part 2-part 1.
On average, the test showed a significant increase in temporal spread (SD) at the individual level from part 1 (M=0.0317, SE=0.0028) to part 2 (M=0.0425, SE=0.0040, t(12)=2.479, twotailed p<0.05).
We then performed the analysis above on acceleration peaks and troughs, that is, the maxima and minima of the acceleration corresponding to each of the quarter-note beats in the music, to see if this would produce any different results from the positional turning point analysis. Using the MoCap Toolbox the vertical acceleration was calculated for the 13 subjects that were included in the analysis. We then applied a mathematical function for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 identifying the peaks and troughs in the graph, i.e., the minimum and maximum points of the acceleration curve. The motion capture data were smoothened using the mcsmoothen function and the beat-related peaks and troughs manually selected. Peaks/troughs located more than 0.20 seconds away from its corresponding beat-related turning point were not considered related to the same beat. The distance to the quarter-note reference of the guitar layer was then measured. Descriptive statistics showed that the nominal distance from the earliest to the latest mean of acceleration points increased by 83 milliseconds from part 1 to part 2, while the median location moved 42 milliseconds earlier in time. The standard deviation of the 13 means increased from 79 to 94 milliseconds from part 1 to part 2. We then calculated the standard deviation (SD) of the acceleration points for each participant in parts 1 and 2, and performed a paired-samples t-test for the difference in mean SD for the pair part 2 (M=0.0561, SE=0.0076) -part 1 (M=0.0525, SE=0.0073). The test yielded no significant result (t(12)=0.398, two-tailed p=0.698).
Discussion
The results of the analysis show that the participants moved more to part 2 than to part 1 of the groove. This was anticipated (hypothesis a) because there is a considerably higher average sound level (and thus more energy) in part 2. This finding is supported by a recent experimental study by Van Dyck et al. (2013) , which shows that the quantity of body motion increases with the loudness of the sound. However, the result can also partly be caused by an increase in the motion-inducing quality of the groove between part 1 and part 2, as a consequence of the micro-rhythmic design of the latter. Unfortunately, this cannot be systematically studied from our current data set.
Regarding the expected changes in the periodicities with which the participants synchronized to the music (hypothesis b), we found a significant increase in the periodic motion corresponding to the half-note level in part 2 as compared to part 1, but no significant difference at the quarter-note level. This means that the increase in the quantity of motion from part 1 to part 2 was mainly attributable to the addition of periodic motion corresponding to the half-note level. The increase in motion at this slower periodicity accords with the prediction derived from the analytical and theoretical discussions above and might be explained as a relative weakening of synchronization at the quarter-note level as a consequence of the salient multiple onsets of beats 2 and 4 (offbeats). It might also be associated with the general tendency toward producing higher-order resonances when increasing the input energy in non-linear oscillator systems (see Large, 2008) .
The quantity of motion at the quarter-note level did not nominally decrease for the different parts, which indicates that the participants were still able to maintain 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 synchronization at this frequency. This means that the rhythmic events at the quarter-note level are probably still 'regular enough', to paraphrase London (2012, p. 121-123) , to work as an attractor for the internal rhythm. According to London, if a pulse layer becomes too nonisochronous, the differing beat lengths will cease to be perceived as variations of the same pulse. They will rather form two different categories of beats-for example, short and longthat are in turn judged as qualitatively different. The fact that participants still synchronize with the groove at the quarter-note level in part 2 thus indicates that, despite the considerable phase discrepancy between the differing onsets of the beat, they perceive the quarter-note level as isochronous also in this part. This in turn supports the initial hypothesis that the perceptual response to part 2 is characterized by a wider attentional focus and a weaker phase coupling, even though the overall period coupling remains intact. In this respect the current study is different from previous synchronization studies using perturbation or distractor paradigms (for a review, see Repp & Su, 2013) . The multiple onsets forming the beats in part 2 are a stable and repeated feature of the groove, thus creating a different entrainment problem than do isolated perturbations.
Based on the analytical observation that there are multiple suggestions for beat positions in part 2, we expected an increase in the temporal spread of turning points and acceleration peaks in the motion response from part 1 to part 2 (hypothesis c). The distance from the earliest to the latest mean of turning points increased by 126 milliseconds from part 1 to part 2, which means that there was a nominal widening of the beat bin. Furthermore, our results showed a significant increase in the temporal spread (standard deviation) of turning point positions in the motion response corresponding to quarter-note beats in the music from part 1 to part 2 at the individual level when using the guitar layer as reference for both parts.
This we interpret in support of the hypothesized increase in beat bin, but it might also reflect a general uncertainty of the exact perceived pulse location.
A complementary explanation might be that the perceived reference for quarter-note beats has changed from the guitar layer to the drum kit layer. The fact that the median of means of turning points moved 25 milliseconds earlier in time, that is, toward the drum kit layer's positioning of the internal beat and further away from the guitar layer, points in this direction. There is also another aspect that supports this explanation. In contrast to the quarter-note pulse implied by the guitar layer, in which beats 1 and 3 are longer than beats 2 and 4, the drum kit layer is almost isochronous. Interestingly, if using the drum kit layer's positioning of the quarter-note beats as reference for the measurements of turning point positions in the motion response in part 2, the standard deviation is on average lower (mean SD=0.0396) than when using the guitar layer as reference (mean SD=0.0425) . This means that the introduction of multiple onsets did not necessarily increase the temporal spread of the turning points at the individual level. As such, this finding concurs with the results from a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 recent study by Elliott et al. (2014) , in which participants took advantage of the more reliable (isochronous) layer in producing a single beat estimate when synchronizing with beats with multiple onsets produced by one highly isochronous and one less isochronous layer. In general, they found that participants were able to integrate considerable phase offsets (up to 100 milliseconds). Also in our study, we find that the median of means of turning points moves in direction of the more reliable (isochronous) drum kit layer (rather than switch to it).
In a tapping study using chords with multiple (i.e., double) onsets as stimulus, Hove et al (2007) However, when the motion was human bouncing, the beat points of the velocity data and the position data did not coincide, that is, the peak velocity points were considerably earlier in time than the turning point positions. It should also be noted that there were differences in the procedure for identifying points in the motion response between turning points and acceleration points. Whereas the turning points were manually identified, the acceleration points were identified computationally, which might have influenced the results.
Summing up, the results provide support for the hypothesized connection between the change in the micro-rhythmic design of the basic beats of a groove and the change in the motion patterns of subjects' entrainment to this groove. In short, we found that when the multiple onsets of beats are introduced in part 2, a slower pulse becomes a significant additional level of entrainment. Participants still synchronize with the faster pulse, but the temporal locations of the perceived beats are drawn towards the added onset. The findings   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 were predicted using the theory of dynamic attending (Large & Jones, 1999) , and the experimental results support this theory, as well as the resonance theory for beat and meter perception in humans (Large & Kolen, 1994; Large, 2008) .
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